Mice immunized with irradiated Onchocerca volvulus third-stage larvae developed protective immunity. Eosinophil levels were elevated in the parasite microenvironment at the time of larval killing, and measurements of total serum antibody levels revealed an increase in the immunoglobulin E (IgE) level in immunized mice. The goal of the present study was to identify the role of granulocytes and antibodies in the protective immune response to the larval stages of O. volvulus in mice immunized with irradiated larvae. Immunity did not develop in mice if granulocytes, including both neutrophils and eosinophils, were eliminated, nor did it develop if only eosinophils were eliminated. Moreover, larvae were killed in naïve interleukin-5 transgenic mice, and the killing coincided with an increase in the number of eosinophils and the eosinophil peroxidase (EPO) level in the animals. To determine if EPO was required for protective immunity, mice that were genetically deficient in EPO were immunized, and there were no differences in the rates of parasite recovery in EPO-deficient mice and wild-type mice. Two mouse strains were used to study B-cell function; MT mice lacked all mature B cells, and Xid mice had deficiencies in the B-1 cell population. Immunity did not develop in the MT mice but did develop in the Xid mice. Finally, protective immunity was abolished in mice treated to eliminate IgE from the blood. We therefore concluded that IgE and eosinophils are required for adaptive protective immunity to larval O. volvulus in mice.
Infection of humans with the filarial worm Onchocerca volvulus results in a spectrum of disease states ranging from mild to hyperreactive disease. In addition, there are individuals who are considered immunologically resistant to the infection, based on the fact that they live in an endemic area and are free of infection and disease. Individual immune responses appear to be responsible for the different disease states, and roles have been attributed to Th1 cells, Th2 cells, antibodies, and granulocytes in the different disease presentations (24) . Specific mechanisms of protective immunity have been identified in vitro with human cells and serum, and it has been shown that eosinophils and neutrophils adhere to and kill larval O. volvulus in the presence of serum or complement (9, 27, 41) .
O. volvulus has a very limited host range, infecting only humans and chimpanzees; therefore, other animal models have been utilized to study immunity to this infection. It has been observed that cattle immunized with irradiated Onchocerca ochengi third-stage larvae (L3) were protected against challenge infection, based on greatly reduced burdens of adult worms in the immunized animals (1) . In order to generate a more practical way to study immunity to the larval stages of O. volvulus, a mouse model was developed. L3 were implanted subcutaneously in diffusion chambers to allow efficient recovery of parasites and to permit analysis of the parasite's microenvironment. Larvae survived and grew at the same rate when they were implanted in naïve susceptible chimpanzees and in normally resistant mice. It was clear, however, that the parasite survival rates in both hosts decreased over time, suggesting that protective immune responses were capable of eliminating a portion of the parasite population (37) . Mice were immunized with irradiated O. volvulus L3 and then received challenge infections of L3 in diffusion chambers. Protective immunity developed, which required direct contact between host cells and the parasites for killing of larvae. The only cell type whose levels increased in diffusion chambers in immunized mice was eosinophils, and the maximal levels of eosinophils coincided with the time of parasite killing (38) . The observation that the number of eosinophils increased in immunized animals suggested that immunity was dependent on a Th2 response. This hypothesis was confirmed in studies in which interleukin-5 (IL-5) or IL-4 was eliminated by monoclonal antibody (MAb) treatment (38) and in studies in which cytokine-deficient mice were used (28) . Additionally, the finding that immunity was dependent on IL-4 suggested that the protective immune response depended on the antibody isotype immunoglobulin G1 (IgG1) or IgE. Measurement of total serum antibody levels and identification of specific antibody responses to surface antigens, internal antigens, and soluble antigens in Western blots revealed responses by IgM, IgE, and all the subclasses of IgG. However, the complex pattern of recognition of parasite antigens by antibodies found in immunized mice made it difficult to discern the protective antibody isotypes and their antigenic targets (58) .
The goal of the present study was to identify the immune components required for the protective immune response to the larval stages of O. volvulus in mice immunized with irradiated L3. Specifically, the roles of granulocytes and antibodies were assessed by using either MAb to deplete the immune function or mice genetically deficient in the specific immune function. The following approaches were used. (i) Granulocytes, including both neutrophils and eosinophils, were eliminated by using MAb RB6-8C5, which recognizes a surface marker on mature murine granulocytes (23) . In vivo treatment of mice with this MAb severely depresses blood and spleen granulocyte counts for up to 5 days (26) . (ii) Eosinophils were eliminated in vivo with MAb 6S2-19-4 directed at the mouse eotaxin receptor CCR3, which has been shown to be effective at eliminating eosinophils in the blood and in tissues (11, 16) . (iii) Mouse strains with genetically altered IL-5 expression were used to study the effect of having a severely deficient eosinophil response to the parasite, such as that seen in IL-5 knockout (KO) mice (34), compared to a massive eosinophil response, such as that seen in IL-5 transgenic (TG) mice (34) . (iv) The role of eosinophil peroxidase (EPO) in larval killing was studied by utilizing EPO KO mice (11) . (v) Two mouse strains were used to study B-cell function; MT mice lacked all mature B cells in the lymphocyte pool (33) , and Xid mice had deficiencies in the B-1 cell population (29, 30) . (vi) MAb EM-95, which is directed at the Fcε portion of the murine H chain, was used to eliminate IgE from the blood. A single treatment with this MAb was shown to deplete serum and cell-bound IgE for several days (5, 54) . Collectively, these experiments identified some of the essential components required for the mouse immune response to kill challenge larvae after immunization with irradiated L3.
MATERIALS AND METHODS
Source of parasites and mice. Cryopreserved L3 were prepared in Cameroon by the following method. Black flies (Simulium damnosum) were fed on consenting donors infected with O. volvulus, and after 7 days the developed L3 were collected from dissected flies, cleaned, and cryopreserved in dimethyl sulfoxide and sucrose by using Biocool II computerized freezing equipment (FTS Systems Inc., Stone Ridge, N.Y.) as previously described (13) . Cryopreserved L3 were thawed by placing tubes containing the L3 on dry ice for 15 min, followed by immersion in a 37°C water bath. The L3 were then washed in a 1:1 mixture of Iscove's modified Dulbecco's medium and NCTC-135 with 100 U of penicillin per ml, 100 g of streptomycin per ml, 100 g of gentamicin per ml, and 30 g of chloramphenicol (Sigma Chemical Co., St. Louis, Mo.) per ml.
Male BALB/cByJ, C57BL/6J, CBA/J, 129/SvJ, Igh-6( Ϫ / Ϫ ) (MT), and CBA/ CaN-Btk xid /J (Xid) mice that were 6 to 8 weeks old were obtained from Jackson Laboratory (Bar Harbor, Maine). The NJ.1638 IL-5 TG mouse line (39) and EPO KO mice (11) were obtained from our original animal stocks. IL-5 KO mice were a generous gift from Manfred Kopf of the Basel Institute for Immunology and have been described elsewhere (34) . IL-5 TG, IL-5 KO, and EPO KO mice were bred in the Laboratory of Animal Sciences facility at Thomas Jefferson University. All mice were housed in Micro-Isolator boxes (Lab Products Inc., Maywood, N.J.) and were fed Autoclaveable Laboratory Rodent Chow (Ralston Purina, St. Louis, Mo.) ad libitum. The animal room was temperature, humidity, and light cycle controlled.
Immunization and challenge protocol. Mice were immunized by two subcutaneous injections (in the nape of the neck) of O. volvulus L3 irradiated with 35 krads by using a cesium source. The primary immunization dose consisted of 50 irradiated L3, and this was followed 2 weeks later by a booster immunization consisting of 25 irradiated L3. Mice received challenge infections 1 week after the booster immunization.
Diffusion chambers were constructed from 14-mm-diameter Lucite rings and were covered with 5.0-m-pore-size hydrophilic Durapore membranes (Millipore, Bedford, Mass.) as previously described (37) . Twenty-five O. volvulus L3 in Iscove's modified Dulbecco's medium-NCTC-135 with antibiotics were inserted into each diffusion chamber prior to implantation in mice. The animals were anesthetized with inhaled isoflurane, and a subcutaneous pocket was formed in the rear flank of each mouse, into which a single diffusion chamber was inserted.
The diffusion chambers were recovered 21 days after challenge. At the time of diffusion chamber recovery, mice were anesthetized with ketamine (Fort Dodge Animal Health, Fort Dodge, Iowa) and acepromazine (Phoenix Pharmaceuticals, St. Joseph, Mo.) and then killed by exsanguination, and the serum was collected. Diffusion chamber contents were analyzed to assess larval survival and the nature of the cellular infiltration into the diffusion chamber. Larvae recovered from diffusion chambers were considered live if they exhibited motility. Cells found within the diffusion chambers were collected by centrifugation on slides with a Cytospin 3 (Shandon Inc., Pittsburgh, Pa.) and then were stained for differential counting with HEMA 3 (Fischer Diagnostics, Middletown, Va.).
MAbs Granulocytes, including both neutrophils and eosinophils, were eliminated by using MAb RB6-8C5 (23) (cell lines contributed by R. Coffman, DNAX Corp., Palo Alto, Calif.). This MAb was injected by using the following protocol: 200 g intraperitoneally on the day of challenge and 200 g intraperitoneally on day 3 after challenge. Eosinophils were eliminated in vivo with MAb 6S2-19-4 (cell lines contributed by R. Coffman). This MAb was injected by using the following protocol: 150 g intraperitoneally on days 2 and 4 after booster immunization, 50 g subcutaneously on the day of challenge, and 150 g intraperitoneally on days 3 and 5 after challenge. MAb EM-95 (cell lines contributed by Zelig Eshar, Rehoveth, Israel) was used to eliminate IgE from the blood (5). This MAb was injected by using the following protocol: 1 mg intraperitoneally 1 day prior to challenge and on the day of the challenge infection.
Measurement of EPO levels. The method of Strath et al. (55), as modified by White et al. (57), was used for the EPO assay. Briefly, 50 l of diffusion chamber fluid was combined with 75 l of a 16 mM o-phenylenediamine solution in 100 mm Tris-HCl (pH 8.0) containing 0.1% Triton X-100 and 0.01% hydrogen peroxide. Polystyrene 96-well microtiter plates containing the reaction mixtures were kept at 37°C until a color change was detected, and absorbance at 492 nm was measured with a Dynatech MR 5000 microtiter plate reader (Dynatech Laboratories Inc., Chantilly, Va.). Horseradish peroxidase (Sigma Chemical Co.) was used as a standard.
Enzyme-linked immunosorbent assay for total serum IgE. A standard enzymelinked immunosorbent assay was used to determine the total serum IgE levels. Monoclonal rat anti-mouse IgE was used as the capture antibody, and biotinylated rat anti-mouse IgE (Pharmingen, San Diego, Calif.) was used as the secondary antibody. Biotin on the secondary antibody was then reacted with avidinperoxidase (Sigma Chemical Co.). 2,2Ј-Azinobis(3-ethylbenzthiazolinesulfonic acid (ABTS) peroxidase substrate (one component; Kirkgaard and Perry Laboratories, Inc., Gaithersburg, Md.) was used as the substrate, and the reaction results were read at a wavelength of 405 nm. The amounts of IgE in the serum samples were calculated based on a series of IgE isotype standards (Pharmingen) run on the same plates.
Statistical analyses. Data were analyzed by performing an MGLH multifactorial analysis of variance with Systat 5.2 (Systat, Inc., Evanston, Ill.). Probability values of Ͻ0.05 were considered significant. All experiments were performed a minimum of two times with five or six animals per group. The data from all of the repeated experiments are presented below.
RESULTS
Role of granulocytes in protective immunity. BALB/cByJ mice were immunized with irradiated O. volvulus L3, and on the day of the challenge infection and 3 days later they were treated with MAb RB6-8C5 to eliminate granulocytes. The protocol for treatment with the MAb was designed to ensure elimination of the cells during the first week of the challenge infection. Larvae were implanted for 3 weeks to allow adequate time for potentially slow killing processes to reach completion. Statistically significant levels of protective immunity developed in immunized untreated mice, whereas in mice treated to eliminate granulocytes there was no protective immunity (Fig. 1A) . There was no statistically significant difference between the total numbers of cells found in the diffusion chambers recovered from control and immunized mice regardless of whether they received treatment with the MAb. There VOL. 72, 2004 IgE-AND EOSINOPHIL-DEPENDENT IMMUNITY TO O. VOLVULUS 811 was, however, a statistically significant increase in the number of cells found in diffusion chambers recovered from immunized mice that received the MAb treatment (2.6 ϫ 10 6 Ϯ 2.6 ϫ 10 6 cells) compared to the number of cells found in diffusion chambers recovered from immunized mice that did not receive the treatment (1.2 ϫ 10 6 Ϯ 1.0 ϫ 10 6 cells; P ϭ 0.043). No decrease was observed in the number of eosinophils and neutrophils found in the diffusion chambers recovered from immunized animals at the time of parasite recovery after they were treated with MAb RB6-8C5 18 days previously (Fig. 1B) . Immunized mice were next treated with MAb 6S2-19-4 to determine the role of eosinophils in killing of the larvae. Mice were treated with the antibody twice before challenge, on the day of challenge, and on days 3 and 5 after challenge. Treatment to specifically eliminate eosinophils resulted in blocking of protective immunity. Furthermore, it was observed that the level of parasite survival in immunized mice treated with the MAb was statistically higher than the level of parasite survival in the treated naïve mice ( Fig. 2A) . There was no effect on the total number of cells migrating into the diffusion chambers in the control and immunized mice based on whether they received MAb treatment. There was a statistically significant reduction in the number of eosinophils migrating into the diffusion chambers of immunized mice treated with MAb 6S2-19-4, whereas there was no effect on the recruitment of neutrophils (Fig. 2B) .
Naïve IL-5 TG and IL-5 KO mice were infected with O. volvulus L3 for 1 or 3 weeks to determine the effect of eosinophils on the survival of the parasites in the absence of a specific immune response. There was a significant decrease in parasite survival after 1 week in the IL-5 TG mice compared to the survival in the naïve C57BL/6J wild-type mice and the IL-5 KO mice, and the results after 3 weeks were essentially identical. Small numbers of eosinophils migrated into the diffusion chambers implanted in the naïve C57BL/6J wild-type and IL-5 KO mice, and there were low levels of EPO in the diffusion chamber fluids recovered from these mice. This was in marked contrast to the high numbers of eosinophils that migrated into the diffusion chambers and the elevated EPO levels in the fluid of diffusion chambers implanted in the IL-5 TG mice (Table 1) . To determine if EPO was required for innate or adaptive immunity, naïve and immunized EPO KO mice received implanted diffusion chambers containing L3. There was no difference between the recovery rates after 3 weeks for the naïve wild-type 129/SvJ mice and the recovery rates for the naïve EPO KO mice, thus showing that innate antilarval immunity was not affected. Furthermore, equal levels of adaptive antilarval protective immunity developed in the immunized wildtype and EPO KO mice (Fig. 3) .
Role of B cells in protective immunity. MT mice, which are deficient in all B cells, were immunized with irradiated L3 and then received challenge infections. Immunity developed in the wild-type C57/BL6J mice but not in the B-cell-deficient mice (Fig. 4A ), even though they had equal numbers of infiltrating eosinophils (Fig. 4B) . Xid mice, which are deficient in B-1 cells, were immunized with irradiated L3 and then received challenge infections. Immunity developed in the B-1-cell-deficient mice as it did in the control CBA/J mice (Fig. 5A) . The eosinophil levels in the immunized Xid mice were elevated and were equal to the levels in the immunized wild-type counterparts (Fig. 5B) .
BALB/cByJ mice were treated with MAb EM-95 to eliminate IgE 1 day before challenge and on the day of challenge. Protective immunity was abolished in mice that were treated to eliminate IgE (Fig. 6A) . The total IgE serum levels measured at the time of larval recovery were reduced in mice treated with FIG. 3 . Effect of immunization of EPO KO mice and control 129/ SvJ mice on the ability of the mice to kill larvae in a challenge infection. N is the number of animals per group. An asterisk indicates that there is a statistically significant difference between the survival of larvae in naïve mice and the survival of larvae in immunized mice.
FIG. 4. (A) Effect of immunization of B-cell-deficient
MT mice and control C57BL/6J mice on the ability of the mice to kill larvae in a challenge infection. The data are means and standard deviations. N is the number of animals per group. An asterisk indicates that there is a statistically significant difference between the survival of larvae in naïve mice and the survival of larvae in immunized mice. (B) Eosinophil (EOS) migration into diffusion chambers implanted in immunized B-cell-deficient MT mice and immunized control C57BL/6J mice. The data are means and standard deviations. (Fig. 6B) . The eosinophil levels were the same in the two groups of immunized mice (Fig. 6C) .
DISCUSSION
Immunization of mice with irradiated L3 resulted in development of protective immunity to larval O. volvulus. Four different strains of wild-type mice (BALB/cByJ, C57BL/6J, CBA/J, and 129/SvJ) were used in this study, and the immune response eliminated statistically significant numbers of the challenge larvae regardless of the strain of mouse. Immunity, however, has been shown to be dependent on the host mouse strain for the nematodes Trichuris muris (12) , Litmosoides sigmodontis (25) , and Brugia malayi (50) . These observations sug- Granulocytes, particularly eosinophils, were found to be required for the protective immune response. The basis for this conclusion was that elimination of granulocytes by MAb treatment blocked protective immunity. The association between helminth infections and eosinophils has been widely recognized; however, the function of the cells in immunity remains controversial (6, 47) . The results of the present study demonstrate that blocking eosinophil recruitment in vivo blocked protective immunity. Furthermore, treatment of mice with an MAb against CCR3, the eotaxin receptor, not only eliminated protective immunity but actually significantly increased the survival of the challenge parasites in immunized mice compared to the survival of the parasites in naïve mice that received the same MAb treatment. A similar observation was made when resistance to Trichinella spiralis in CCR3 KO mice was examined; in this case there was an absence of eosinophil recruitment in the mice and there was a concomitant increase in survival of the larval parasite (18) . These two models thus confirm the observations that eosinophils are effective at killing nematode larvae and that blocking the recruitment of eosinophils enhances parasite survival.
Further confirmation of the ability of eosinophils to kill O. volvulus L3 came from studies in which L3 were implanted in naïve IL-5 KO and IL-5 TG mice for 1 or 3 weeks. It was observed that there was a significant reduction in parasite survival when the larvae were implanted in IL-5 TG mice for 1 week and that the level of survival did not decrease at 3 weeks after implantation. The level of protection seen in the naïve IL-5 TG mice was comparable to the level seen in the immunized wild-type mice, while the larvae survived at the same rate in the naïve IL-5 KO and wild-type mice. When the diffusion chamber contents were studied to determine some of the factors found in the parasite's microenvironment, it was observed that there was an influx of eosinophils into diffusion chambers implanted in IL-5 TG mice. This was observed after 1 week and to a lesser degree after 3 weeks. There were no significant differences in the eosinophil recruitment rates in the IL-5 KO mice and the wild-type mice. EPO was measured in the diffusion chamber fluid, and elevated levels coincided with elevated numbers of eosinophils present. This finding suggested that the eosinophils degranulated and that EPO might be the toxic agent released from eosinophils responsible for killing the larvae. Eosinophil degranulation has been observed in mice immunized against L. sigmodontis (45) and in jirds immunized against Acanthocheilonema viteae (7) . It was determined in those studies that the larvae were not killed even if eosinophils were present, if the eosinophils did not degranulate (45) . In the present study, correlations were found between the elevated numbers of eosinophils and the EPO levels found in the diffusion chambers in IL-5 TG mice and the decrease in parasite survival observed in these mice. The eosinophils apparently degranulated, and the results suggested that EPO might be associated with larval killing. The results of this study show that degranulation may be required for immunity to O. volvulus in mice; however, it was clear from the EPO KO mouse studies that EPO is not required for killing to occur in both the innate immune response and the adaptive immune response. Immunization of EPO KO mice revealed that the levels of immunity that developed in these mice were comparable to the levels that developed in immunized wild-type mice. It is possible that one of the other cationic proteins, such as the major basic protein found in the eosinophil secondary granule, or a combination of two or more granule proteins may be required for effective killing of the larvae. Alternatively, it is possible that EPO may be required to control the infection in strains of mice other than 129/SvJ, as it has been shown that inbred strains of mice have different susceptibilities to infection with filarial worms (17) .
Several nematode parasites have been shown to have decreased survival rates in IL-5 TG mice. These include L. sigmodontis (44) , Nippostrongylus brasiliensis (10), Strongyloides venezuelensis (13) , and Strongyloides stercoralis (21) . Interestingly, there was no difference between the survival of O. volvulus L3 in IL-5 KO mice and the survival of O. volvulus L3 in wild-type mice, which has also been reported for L. sigmodontis (40) . This is in contrast to S. stercoralis, whose survival was enhanced in IL-5 KO mice compared to wild-type mice. In the case of S. stercoralis there was active and efficient recruitment of eosinophils to the larvae in wild-type mice that resulted in killing of the larvae, a phenomenon that did not occur in the IL-5 KO mice (21) . Larval O. volvulus is susceptible to killing by eosinophils in the innate immune response, as seen in the IL-5 TG mice. However, the larvae do not induce the recruitment of large numbers of eosinophils in naïve wild-type mice, which could explain why these parasites survive for long periods of time in mice compared to the survival of the larvae of S. stercoralis.
The role of antibody in the protective immune response was initially investigated by using mice deficient in B cells. MT mice lack all mature B cells (33) , which leaves T-cell responses against a variety of antigens unaltered (14) . Xid mice lack B-1 cells, which are characterized by their primary localization within the peritoneal cavity and their production of natural antibodies of the isotypes IgM, IgA, and IgG that bind to a variety of self and foreign antigens (20) . B-1 cells also release IL-10, which promotes Th2 responses and suppresses Th1 responses (15) . It was observed that immunity did not develop in MT mice lacking B cells but did develop in Xid mice which were missing B-1 cells. Similar to the results of this study, MT mice were shown to be more permissive to primary infections with B. malayi (4) and to suppress the development of adaptive immunity to L. sigmodontis (45) . Furthermore, B cells were required for clearance of both primary and challenge infections with Brugia pahangi (49) . In comparison to the results of the present study, B-1 cells were shown to be required for immunity to B. malayi (48) , L. sigmodontis (2) , and S. stercoralis (22) , thereby confirming that different protective mechanisms operate in these different nematode infections in mice. The observation that B-2 cells were required in immunity to larval O. volvulus suggested that immunity might be dependent on an antibody response. It was observed in previous studies of antibody responses in mice immunized against infection with O. volvulus that IgE was the only antibody isotype for which the total amount of antibody increased in the serum of the immunized mice (58) . MAb EM-95 was used to eliminate IgE from the blood of immunized mice (5, 54) , and it was observed that (35) , in which it was shown that elimination of IgE by MAb treatment either had no effect or was beneficial for survival of the parasites. It appears from the present study that larval killing in immunized mice occurred within the first 7 days after implantation of the diffusion chambers containing the challenge larvae. This conclusion is based on two sets of data. The first set of data comes from the experiments in which MAbs were used to eliminate granulocytes, eosinophils, and IgE. The three MAbs were administered only at the time of the challenge infection, and all three MAbs had limited times of efficacy. This was confirmed by the fact that at the time of parasite recovery the levels of granulocytes, eosinophils, and IgE had all essentially returned to normal. The fact that the three MAbs had an effect on blocking protective immunity and the fact that they were functional only during the early part of the immune response suggest that the larvae which were susceptible to the killing process were killed within the first few days. The immune response rebounded after the MAbs had dissipated, as shown by the elevated cell and IgE levels, yet no additional larvae were killed. The second set of data supporting the conclusion that larval killing occurred within the first 7 days came from the innate killing reactions seen in the IL-5 TG mice. The larvae were killed within the first 7 days, and no additional killing was observed at 3 weeks. The fact that larvae were killed within 7 days was previously observed in mice immunized against O. volvulus (38) . In addition, it was reported that human eosinophils bind to the surface of the L3 but not to the fourth-stage larvae in vitro (9, 56) . The observations with human eosinophils support the concept that the larvae are killed by eosinophils early in larval development; the larvae that survive develop into a stage that is resistant to killing by eosinophils.
In conclusion, this study provides evidence that immunity to larval O. volvulus in mice is dependent on both eosinophils and IgE. However, the mechanism for how these two immune components cooperate to kill the larvae is unclear. Mouse eosinophils lack IgE receptors, so therefore a classic antibodydependent cellular reaction in which the effector cell binds to the antibody on the surface of the target apparently cannot occur (32) . In place of antibody, other ligands have been proposed for eosinophil binding to the targets. Eosinophil binding to the larvae of N. brasiliensis was blocked with MAb to CD11b or VLA-4, suggesting that the binding was dependent on their ligands complement and fibronectin (51) . Fibronectin has also been found on the surface of O. volvulus L3, which was shown to interact with activated human eosinophils (8) . In studies with A. viteae it was shown that parasite killing was independent of antibody but dependent on eosinophils. If mast cells were reduced, there was a decrease in killing of the larvae by the eosinophils (19) . In nodules from patients containing adult and microfilarial stages of O. volvulus, hyperreactivity was associated with mast cells carrying IgE and the recruitment of eosinophils into the tissues (36) . Therefore, a possible mechanism used by IgE and eosinophils to kill O. volvulus L3 in mice may involve parasite-specific IgE interacting with mast cells, resulting in the release from the mast cells of inflammatory mediators capable of recruiting eosinophils (46) . The recruited eosinophils accumulate around L3 and bind to the parasite through a receptor, such as complement. The eosinophils then degranulate, as they apparently do in IL-5 TG mice, and the released products kill the L3. Specificity in this proposed mechanism comes from IgE, while actual killing is eosinophil mediated and antibody independent.
